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(57) A catalyst degradation determining device is
used in a straddled vehicle having a catalyst for cleaning
an exhaust gas from an engine and being configured to
be capable of executing cruise control for keeping a
traveling speed constant by control of a throttle valve. In
the catalyst degradation determining device, whether the
cruise control is being executed is determined by a cruise
control determiner. In a case where it is determined that
the cruise control is not being executed and the engine
satisfies one or a plurality of predetermined allowable
conditions, determining work for determining a degrada-
tion state of the catalyst while controlling an air-fuel mix-
ture supplied to the engine is executed. In a case where
it is determined that the cruise control is being executed,
determining work for determining a degradation state of
the catalyst is not executed.
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Description

[0001] The presentinvention relates to a catalyst deg-
radation determining device for a straddled vehicle, a
straddled vehicle including the catalyst degradation de-
termining device and a catalyst degradation determining
method for a straddled vehicle.

[0002] A catalyst for cleaning gas exhausted from an
engine (exhaust gas) is provided in an exhaust system
of a vehicle including an engine. Ability of a catalyst to
clean an exhaust gas is degraded as the period of use
becomes longer. As such, a catalyst degradation deter-
mining device that determines degradation of a catalyst
is used to identify an appropriate replacement time for
the catalyst.

[0003] Normally, feedback control is executed to bring
the air-fuel ratio of an air-fuel mixture supplied to the en-
gine close to a target air-fuel ratio. In the catalyst degra-
dation determining device, with the feedback control for
an air-fuel ratio executed, degradation of a catalyst is
determined based on an oxygen concentration of an ex-
haust gas that has yet been cleaned by the catalyst and
an oxygen concentration of an exhaust gas thathas been
cleaned by the catalyst, for example.

[0004] As one example of a catalyst degradation de-
termining device for an automobile (Automobile Car), JP
8-218851 A describes a degradation diagnosis device in
which an upstream O, sensor, a three-way catalyst and
a downstream O, sensor are provided in this order in an
exhaust system of an engine, for example.

[0005] In the degradation diagnosis device, with the
feedback control for the air-fuel ratio of an air-fuel mixture
executed, the ratio of an inversion frequency of output of
the downstream O, sensor with respect to an inversion
frequency of output of the upstream O, sensor is calcu-
lated as a ratio of inversion frequency. For example, in
JP 8-218851 A, an inversion frequency is the number of
times an output voltage of each O, crosses a predeter-
mined threshold value (0.5 V, for example) in a prede-
termined period of time (10 seconds, for example). Deg-
radation of a catalystis determined based on a calculated
ratio of inversion frequency.

[0006] As described above, in a case where degrada-
tion of a catalyst is determined based on an oxygen con-
centration of an exhaust gas that has yet been cleaned
by the catalyst and an oxygen concentration of an ex-
haust gas that has been cleaned by the catalyst, when
variations in change of the air-fuel ratio of an air-fuel mix-
ture supplied to the engine are large, determination ac-
curacy is degraded. Therefore, it is desirable that the air-
fuel ratio of an air-fuel mixture supplied to the engine is
kept such that variations in change in a certain period of
time are small.

[0007] Cruise control for keeping a vehicle speed con-
stant at a preset speed has been known to assistarider’'s
operation during traveling of a vehicle. With the cruise
control, variations in change of the air-fuel ratio of an air-
fuel mixture supplied to the engine are small. Therefore,
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in the vehicle in which the cruise control is being execut-
ed, it is considered that degradation of a catalyst can be
determined with high accuracy.

[0008] Control for forcibly oscillating an air-fuel ratio
(hereinafter referred to as active air-fuel ratio control) in
the feedback control of an air-fuel ratio during determi-
nation in regard to degradation of a catalyst in order to
more sufficiently improve accuracy of determination in
regard to degradation of a catalyst has been known (see
JP 2020-084839 A.) Therefore, it is considered that deg-
radation of a catalyst can be determined with higher ac-
curacy in a case where the active air-fuel ratio control
can be applied to a vehicle in which the cruise control is
being executed.

[0009] On the other hand, a straddled vehicle such as
a motorcycle works differently while traveling from the
work of an automobile during traveling. Therefore, it is
desired that determining work in regard to degradation
of a catalystis executed to suppress degradation of riding
comfort while work of a straddled vehicle during traveling
is taken into consideration.

[0010] A power-to-weight ratio of a straddled vehicle
such as a motorcycle is smaller than a power-to-weight
ratio of an automobile. Thus, in regard to a straddled
vehicle, a change in torque generated in an engine is
more likely to influence work of the vehicle as compared
to an automobile. Forexample, in a case where feedback
control for forcibly changing an air-fuel ratio (hereinafter
referred to as active air-fuel ratio control) by adjusting a
fuel injection amount is executed, a traveling speed of a
straddled vehicle changes subtly in response to a change
of the air-fuel ratio.

[0011] During traveling of a straddled vehicle due to
the cruise control, an opening of a throttle valve is ad-
justed such that a traveling speed is constant and at a
predetermined speed. However, in a case where the
cruise control and the active air-fuel ratio control are ex-
ecuted at the same time, it is difficult to cancel a change
of a traveling speed of the straddled vehicle in response
to a change of an air-fuel ratio by adjustment of an open-
ing of the throttle valve. The reasons for this include that
itis difficult to synchronize the control period of the cruise
control with the control period of the active air-fuel ratio
control, a response delay is generated from the time
when an opening of the throttle valve is adjusted until a
traveling speed changes, etc.

[0012] Thus, a rider of a straddled vehicle being in a
cruise state due to the cruise control is highly likely to
feel uncomfortable with respect to the work of the vehicle
because of execution of the active air-fuel ratio control.
In this manner, in the straddled vehicle, when the cruise
control and the active air-fuel ratio control are executed
at the same time, riding comfort may be markedly de-
graded.

[0013] An object of the present invention is to provide
a catalyst degradation determining device for a straddled
vehicle, a straddled vehicle including the catalyst degra-
dation determining device and a catalyst degradation de-
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termining method for a straddled vehicle that enable de-
termining work in regard to degradation of a catalyst while
suppressing degradation of riding comfort.

[0014] According to the present invention said object
is solved by a catalyst degradation determining device
for a straddled vehicle having the features ofindependent
claim 1. Furthermore, said object is solved by a straddled
vehicle according to claim 3. Moreover, according to the
present invention said object is solved by a catalyst deg-
radation determining method for a straddled vehicle hav-
ing the features of independent claim 4. Preferred em-
bodiments are laid down in the dependent claims.
[0015] (1) A catalyst degradation determining device
for a straddled vehicle according to one aspect of the
present teaching used in a straddled vehicle that has a
catalyst for cleaning an exhaust gas from an engine and
is configured to be capable of executing cruise control
for keeping a traveling speed constant by control of a
throttle valve includes a determiner that determines
whether the cruise control is being executed, and an ex-
ecution controller that is configured execute determining
work for determining a degradation state of the catalyst
while controlling an air-fuel mixture supplied to the engine
in a case where it is determined by the determiner that
the cruise control is not being executed and one or a
plurality of running states of the straddled vehicle satisfy
one or a plurality of predetermined allowable conditions,
and execute the determining work in a case where it is
determined by the determiner that the cruise control is
being executed.

[0016] With the catalyst degradation determining de-
vice, in a case where the cruise control is being executed
in the straddled vehicle, determining work in regard to a
degradation state of a catalyst is not executed. Thus, with
the cruise control executed, a torque of an engine does
not change because of the control of an air-fuel mixture
supplied to the engine. As a result, riding comfort in the
straddled vehicle is prevented from being degraded dur-
ing execution of the cruise control.

[0017] (2) The determiner may determine that execu-
tion of the cruise control has started based on an instruc-
tion for executing the cruise control, and may determine
that execution of the cruise control has ended based on
an instruction for ending the cruise control.

[0018] Withthe above-mentioned configuration, deter-
mination of the degradation state of a catalyst is reliably
prevented when the cruise control is being executed.
[0019] (3)Astraddled vehicle according to another as-
pect of the present teaching includes an engine, an air-
fuel mixture supplier that supplies an air-fuel mixture to
the engine, a catalyst that cleans an exhaust gas from
the engine, a cruise control executor that executes cruise
control for keeping a traveling speed constant during
traveling of the vehicle by controlling the air-fuel mixture
supplier, and the above-mentioned catalyst degradation
determining device.

[0020] The straddled vehicle includes the above-men-
tioned catalyst degradation determining device. Thus,
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when the cruise control is being executed, degradation
of riding comfort in the straddled vehicle because of the
control of an air-fuel mixture is prevented.

[0021] Other features, elements, characteristics, and
advantages of the present disclosure will become more
apparent from the following description of preferred em-
bodiments of the present disclosure with reference to the
attached drawings.

BRIEF DESCRIPTION OF THE DRAWING
[0022]

Fig. 1 is a right side view of a motorcycle according
to one preferred embodiment;

Fig. 2 is a block diagram showing a control system
of the motorcycle according to the one embodiment;
Fig. 3is a diagram showing one example of an intake
amount-engine rotation speed table according to the
one embodiment;

Fig. 4 is a flowchart of a catalyst degradation deter-
mining process according to the one embodiment;
and

Fig. 5 is a flowchart of the catalyst degradation de-
termining process according to the one embodiment.

DETAILED DESCRIPTION

[0023] A catalyst degradation determining device for a
straddled vehicle and a straddled vehicle including the
catalyst degradation determining device according to
one preferred embodiment will be described below with
reference to the drawings. A motorcycle will be described
as one example of the straddled vehicle.

[0024] The motorcycle described below has an engine
and a three-way catalyst that cleans an exhaust gas from
the engine and is configured to be capable of executing
cruise control for keeping a traveling speed of the vehicle
constant by control of a throttle valve. Keeping a traveling
speed of the vehicle constant means keeping a traveling
speed of the vehicle in a predetermined speed range
(several km/h).

[1] Schematic Configuration of Motorcycle

[0025] Fig. 1 is a right side view of the motorcycle ac-
cording to the one preferred embodiment. In Fig. 1, the
motorcycle 100 standing up to be perpendicular to the
road surface is shown. The motorcycle 100 of Fig. 1 in-
cludes a metallic body frame 1. The body frame 1 in-
cludes a head pipe 1h and a plurality of frame members.
The head pipe 1h is located in a front portion of the ve-
hicle, and the plurality of frame members are provided
to extend toward a rear portion of the vehicle from the
head pipe 1h.

[0026] A front fork 2 is provided at the head pipe 1h to
be swingable in a left-and-right direction. A front wheel
3 is rotatably supported at the lower end of the front fork
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2. A handle 4 and a meter unit 4m are provided at the
upper end of the front fork 2. An accelerator grip 4g and
a cruise control switch unit 4s are provided at the handle
4 to be operable by arider. The cruise control switch unit
4s is used by the rider to provide an instruction for exe-
cuting the cruise control or an instruction for ending the
cruise control.

[0027] As shown in the balloon in Fig. 1, the meter unit
4m has a display (liquid crystal display) that displays a
plurality of information pieces such as a speed of vehicle
and a remaining amount of fuel. Whether the cruise con-
trol is being executed is further displayed in the display.
Further, as indicated by the outlined arrow in the balloon
of Fig. 1, the meter unit 4m has an alarm light AL for
presenting a problem with an engine unit 5 and its ac-
cessories to the rider. Problems include degradation of
a three-way catalyst 53. Therefore, the alarm light AL
according to the present embodiment outputs an alarm
in a case where it is determined that the three-way cat-
alyst 53 is degraded in determination in regard to a deg-
radation state of the three-way catalyst 53 by a degra-
dation determiner 15 (Fig. 2), described below. Further,
the alarm light AL outputs an alarm when there is a prob-
lem with various sensors provided in the engine unit 5
and its accessories, for example.

[0028] The body frame 1 supports the engine unit5, a
fuel tank 8 and a seat 9. In this state, the engine unit 5
is located at a position farther downward than the head
pipe 1h. Further, the fuel tank 8 is located at a position
farther upward than the engine unit5 and farther rearward
than the head pipe 1h. Further, the seat 9 is located at a
position farther rearward than the fuel tank 8.

[0029] The engine unit 5includes an engine 5a. In Fig.
1, the engine 5a is indicated by the thick dotted line. An
ECU (Electronic Control Unit) 10 is provided to be sur-
rounded by the engine unit 5, the fuel tank 8 and the seat
9. The ECU 10 includes a CPU (Central Processing Unit)
10a (Fig. 2), a ROM (Read Only Memory) 10b (Fig. 2)
and a RAM (Random Access Memory) 10c (Fig. 2).
[0030] The ROM 10b is made of a non-volatile mem-
ory, forexample, and stores a system program, a catalyst
degradation determining program and so on. The RAM
10c is made of a volatile memory, for example, which is
used as a working area for the CPU 10a, and temporarily
stores various data. The CPU 10a executes the catalyst
degradation determining program stored in the ROM 10b
to implement various functions. Details of various func-
tions implemented by the CPU 10a will be described be-
low. The catalyst degradation determining programin the
presentembodiment may be provided in the form of being
stored in a computer-readable recording medium and
may be installed in a storage device connectable to the
ROM 10b or the ECU 10. Further, in a case where the
ECU 10 is connectable to a communication network, the
catalyst degradation determining program delivered from
a server connected to the communication network may
be installed in the ROM 10b or the storage device with
the ECU 10 connected to the communication network.
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[0031] A rear arm 6 is provided to extend rearwardly
from a lower portion at the center of the body frame 1 in
a front-and-rear direction of the vehicle. The rear arm 6
is supported at the body frame 1 via a pivot shaft (not
shown). A rear wheel 7 is rotatably supported at the rear
end of the rear arm 6. The rear wheel 7 is rotated as a
drive wheel by motive power generated by the engine
unit 5.

[0032] The engine 5a has an intake port for supplying
an air-fuel mixture into a combustion chamber and an
exhaust port for exhausting a combusted gas from the
combustion chamber. An intake pipe 60 is connected to
the intake port of the engine 5a. A fuel injection device
61 (Fig. 2) and a throttle valve 62 (Fig. 2) are provided
at the intake pipe 60. One end of an exhaust pipe 51 is
connected to the exhaust port of the engine 5a. A muffler
52 is connected to the other end of the exhaust pipe 51.
The three-way catalyst 53 is arranged in the muffler 52.
The three-way catalyst 53 cleans an exhaust gas from
the engine 5a. The three-way catalyst 53 may be provid-
ed in the exhaust pipe 51 instead of the muffler 52.
[0033] As described in Background Art, the ability of
the three-way catalyst 53 to clean an exhaust gas from
the engine 5a is degraded as the period of use becomes
longer. As such, in the motorcycle 100 of Fig. 1, catalyst
degradation determining work for determining the deg-
radation state of the three-way catalyst 53 is executed.
In this catalyst degradation determining work, the air-fuel
ratio of an air-fuel mixture supplied to the engine 5a is
controlled.

[0034] In the motorcycle 100 according to the present
embodiment, catalyst degradation determining work is
not executed when the cruise control is being executed,
in order to prevent control for the catalyst degradation
determining work and the cruise control from interfering
with each other. Further, in the present embodiment,
whether a plurality of running states detected by a plu-
rality of sensors, described below, satisfy a plurality of
predetermined allowable conditions is determined. As
such, the catalyst degradation determining work is exe-
cuted in a case where the cruise control is not being ex-
ecuted and a plurality of running states satisfy a plurality
of allowable conditions. On the other hand, in a case
where a plurality of running states do not satisfy a plurality
of allowable conditions, the catalyst degradation deter-
mining work is not executed regardless of whether the
cruise control is being executed. In the following descrip-
tion, determination of whether a plurality of running states
satisfy a plurality of predetermined allowable conditions
is referred to as allowable condition determination.

[2] Control System of Motorcycle 100

[0035] Fig. 2 is a block diagram showing the control
system of the motorcycle 100 according to one preferred
embodiment. As shown in Fig. 2, the motorcycle 100 ac-
cording to the present embodiment includes the ECU 10,
the fuel injection device 61, a throttle actuator 63, a throt-
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tle sensor SE1, an intake pressure sensor SE2, an up-
stream oxygen sensor SE3, a downstream oxygen sen-
sor SE4 and a crank sensor SE5 as the configuration of
the control system. Further, the motorcycle 100 includes
a wheel speed sensor SEB, an accelerator sensor SE7,
the alarm light AL, a cruise control ON switch SW1 and
a cruise control OFF switch SW2.

[0036] The cruise control ON switch SW1 and the
cruise control OFF switch SW2 constitute a cruise control
switch unit 4s of Fig. 1. In the present embodiment, the
configuration including the ECU 10 and the cruise control
switch unit 4s is equivalent to the catalyst degradation
determining device of the present teaching.

[0037] The throttle actuator 63 adjusts an opening of
the throttle valve 62, thereby adjusting the flow rate of air
guided from an air cleaner (not shown) to the engine 5a.
The fuel injection device 61 injects fuel into the intake
port of the engine 5a such that an air-fuel mixture is guid-
ed to the combustion chamber of the engine 5a.

[0038] The throttle sensor SE1 is provided in the vicin-
ity of the throttle valve 62. The throttle sensor SE1 detects
an opening (throttle opening) of the throttle valve 62 and
outputs an electrical signalindicating the detected throttle
opening. The intake pressure sensor SE2 is provided at
a portion farther downstream than the throttle valve 62
in the intake pipe 60. The intake pressure sensor SE2
detects a pressure (intake pressure) in the intake pipe
60 as an intake state of the engine 5a and outputs an
electrical signal indicating the detected intake pressure.
[0039] The upstream oxygen sensor SE3 is provided
at a portion farther upstream than the three-way catalyst
53 in the muffler 52. The upstream oxygen sensor SE3
detects an oxygen concentration of an exhaust gas which
has been exhausted from the engine 5a and has yetbeen
cleaned by the three-way catalyst 53 and outputs an elec-
trical signal indicating the detected oxygen concentra-
tion. The upstream oxygen sensor SE3 may be provided
in the exhaust pipe 51 instead of the muffler 52.

[0040] The downstream oxygen sensor SE4 is provid-
ed at a portion farther downstream than the three-way
catalyst 53 in the muffler 52. The downstream oxygen
sensor SE4 detects an oxygen concentration of an ex-
haust gas that has been exhausted from the engine 5a
and has been cleaned by the three-way catalyst 53 and
outputs an electrical signal indicating the detected oxy-
gen concentration.

[0041] As described above, the three-way catalyst 53
may be provided in the exhaust pipe 51 instead of the
muffler 52. Therefore, in a case where the three-way cat-
alyst 53 is provided in the exhaust pipe 51, the upstream
oxygen sensor SE3 and the downstream oxygen sensor
SE4 may be provided in the exhaust pipe 51 to be re-
spectively located at a portion farther upstream than the
three-way catalyst 53 and a portion farther downstream
than the three-way catalyst 53.

[0042] The crank sensor SE5 is provided in the vicinity
ofthe engine 5a. The crank sensor SE5 detects arotation
speed (engine rotation speed) of the crankshaft of the
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engine 5a and outputs an electrical signal indicating the
detected engine rotation speed. The wheel speed sensor
SEG6 is provided in the vicinity of the lower end of the front
fork 2 of Fig. 1. The wheel speed sensor SE6 detects a
rotation speed of the front wheel 3 of Fig. 1 and outputs
an electrical signal indicating the detected rotation speed.
The wheel speed sensor SE6 may be provided in the
vicinity of the rear end of the rear arm 6 of Fig. 1. In this
case, the wheel speed sensor SE6 detects a rotation
speed of the rear wheel 7 of Fig. 1 and outputs an elec-
trical signal indicating the detected rotation speed.
[0043] The accelerator sensor SE7 is provided at the
handle 4 of Fig. 1. The accelerator sensor SE7 detects
an operation amount (accelerator opening) of the accel-
erator grip 4g by the rider and outputs an electrical signal
indicating the detected accelerator opening.

[0044] The cruise control ON switch SW1 outputs an
electric signal for providing an instruction for starting ex-
ecution of the cruise control by a rider’s operation. The
cruise control OFF switch SW2 outputs an electrical sig-
nal for providing an instruction for ending execution of
the cruise control by a rider’s operation.

[0045] The ECU 10 includes the CPU 10a, the ROM
10b and the RAM 10c, and the CPU 10a includes a run-
ning state acquirer 11, a travel controller 12, a state de-
terminer 13, a determination executor 14, a degradation
determiner 15, an outputcontroller 16 and a cruise control
determiner 19 as functions. These functions of the CPU
10a are implemented by execution of the catalyst deg-
radation determining program stored in the ROM 10b by
the CPU 10a. Part or all of the plurality of functions of the
ECU 10 may be implemented by hardware such as an
electronic circuit.

[0046] The running state acquirer 11 acquires athrottle
opening by receiving the output of the throttle sensor
SE1. Further, the running state acquirer 11 receives the
output of the intake pressure sensor SE2. Thus, the run-
ning state acquirer 11 calculates an amount (intake
amount) of air guided to the combustion chamber per
cycle of the engine 5a based on the received intake pres-
sure and acquires the calculated intake amountas a run-
ning state. Further, by receiving the output of the up-
stream oxygen sensor SE3, the running state acquirer
11 acquires an oxygen concentration of an exhaust gas
that has yet been cleaned by the three-way catalyst 53.
Further, by receiving the output of the downstream oxy-
gen sensor SE4, the running state acquirer 11 acquires
an oxygen concentration of an exhaust gas that has been
cleaned by the three-way catalyst 53.

[0047] Further, the running state acquirer 11 acquires
an engine rotation speed as a running state by receiving
the output of the crank sensor SE5. Further, the running
state acquirer 11 receives the output of the wheel speed
sensor SE6. Thus, the running state acquirer 11 calcu-
lates a moving speed (traveling speed) of the motorcycle
100 based on a rotation speed of the front wheel 3 (or
the rear wheel 7) and acquires the calculated traveling
speed as a running state. Further, the running state ac-
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quirer 11 acquires an accelerator opening by receiving
the output of the accelerator sensor SE7.

[0048] The running state acquirer 11 may calculate the
above-mentioned intake amount based on a map repre-
senting the predetermined relationship among a throttle
opening, an engine rotation speed and an intake amount,
and an actually acquired throttle opening and an actually
acquired engine rotation speed.

[0049] Throttle control information and target air-fuel
ratio information are stored in the ROM 10b of the ECU
10 in advance. Throttle control information includes in-
formation representing the predetermined relationship
among an engine rotation speed, a throttle opening and
an accelerator opening. Target air-fuel ratio information
includes information representing the predetermined re-
lationship among an engine rotation speed, a throttle
opening and a target air-fuel ratio.

[0050] The travel controller 12 controls the work of the
throttle actuator 63 based on throttle control information,
and an engine rotation speed, a throttle opening and an
accelerator opening acquired by the running state ac-
quirer 11, with the cruise control not executed and the
catalystdegradation determining work not executed. Fur-
ther, the travel controller 12 controls a fuel injection point
in time and a fuel injection period of time in the fuel in-
jection device 61 based on target air-fuel ratio informa-
tion, and an engine rotation speed acquired and a throttle
opening acquired by the running state acquirer 11, with
the catalyst degradation determining work not executed.
In this manner, an opening of the throttle valve 62 is ad-
justed, and feedback control for bringing the air-fuel ratio
of an air-fuel mixture close to a target air-fuel ratio is
executed. Thus, the travel state of the motorcycle 100 is
adjusted in accordance with an operation of the acceler-
ator grip 5g by the rider.

[0051] Further, in a case where an instruction for start-
ing the cruise control is output from the cruise control ON
switch SW1 during traveling of the vehicle, the travel con-
troller 12 starts execution of the cruise control inresponse
to the start instruction. During execution of the cruise
control, the travel controller 12 controls the work of the
throttle actuator 63 based on an acquired traveling speed
and an acquired throttle opening such that a traveling
speed at the time of acquisition of the start instruction is
kept. Further, in a case where an instruction for ending
the cruise control is output from the cruise control OFF
switch SW2 during execution of the cruise control, the
travel controller 12 ends execution of the cruise control
in response to the end instruction.

[0052] The cruise control determiner 19 receives a
start instruction output from the cruise control ON switch
SW1 and an end instruction output from the cruise control
OFF switch SW2. Further, the cruise control determiner
19 determines whether the cruise control is being exe-
cuted based on whether an instruction for starting the
cruise control or an instruction for ending the cruise con-
trol has been received.

[0053] In the motorcycle 100 according to the present
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embodiment, an allowable region representing the allow-
able relationship between an intake amount of the engine
5a and an engine rotation speed is defined as the infor-
mation for allowing execution of the catalyst degradation
determining work. In the ROM 10b of the ECU 10 (Fig.
2), the information representing this allowable region is
stored in advance as an intake amount-engine rotation
speed table.

[0054] Fig. 3 is a diagram showing one example of the
intake amount-engine rotation speed table according to
one preferred embodiment. In the intake amount-engine
rotation speed table of Fig. 3, the ordinate indicates an
engine rotation speed, and the abscissa indicates an in-
take amount. Further, the hatched region is the allowable
region representing the allowable relationship between
an intake amount of the engine 5a and an engine rotation
speed.

[0055] In the allowable region of Fig. 3, the engine ro-
tation speed is limited to an intermediate speed in the
entire range of the engine rotation speed as an intake
amount increases. Further, the allowable region of Fig.
3is set such that an intake amountis limited to an amount
slightly smaller than an intermediate amount in the entire
range of the intake amount as the engine rotation speed
increases. An allowable region is defined for each type
of the motorcycle 100 by an experiment, simulation or
the like such that certain credibility is kept in regard to a
result of determination as to the degradation state of the
three-way catalyst 53 by the catalyst degradation deter-
mining work.

[0056] The state determiner 13 of Fig. 2 carries out the
allowable condition determination. Specifically, the state
determiner 13 determines whether a plurality of running
states in regard to the motorcycle 100 satisfy a plurality
of predetermined allowable conditions. The plurality of
allowable conditions include that the relationship be-
tween an intake amount of the engine 5a and an engine
rotation speed is in an allowable region.

[0057] As such, the state determiner 13 determines
whether the relationship between an intake amount of
the engine 5a and an engine rotation speed is in an al-
lowable region based on the intake amount-engine rota-
tion speed table.

[0058] Further, the plurality of allowable conditions fur-
ther include that the engine 5a has started, the engine
5a has been working continuously for a predetermined
period of time, a rotation speed of the engine 5a does
not exceed a predetermined upper limit speed and an
intake amount of the engine 5a is in a certain range, for
example.

[0059] The determination executor 14 executes the
catalyst degradation determining work in a case where
the cruise control is not being executed and the state
determiner 13 determines that a plurality of running
states satisfy all of the allowable conditions. On the other
hand, the determination executor 14 does not execute
the catalyst degradation determining work in a case
where the cruise control is being executed or the state
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determiner 13 determines that a plurality of running
states do not satisfy at least part of the allowable condi-
tions.

[0060] Duringthe traveling of the motorcycle 100, feed-
back control for the air-fuel ratio of an air-fuel mixture is
basically executed based on the control of the travel con-
troller 12. Thus, the air-fuel ratio of an air-fuel mixture
changes between rich and lean with a target air-fuel ratio
as a basis. Here, the catalyst degradation determining
work includes forcibly increasing a change period and a
change range of the air-fuel ratio of an air-fuel mixture
caused by the feedback control as compared to a case
where the catalyst degradation determining work is not
executed. A change period and a change range of the
air-fuel ratio of an air-fuel mixture are adjusted by a
change of a fuel injection point in time, a fuel injection
period of time, etc. in the fuel injection device 61 by the
determination executor 14.

[0061] The running state acquirer 11 acquires oxygen
concentrations that are continuously output from the up-
stream oxygen sensor SE3 and the downstream oxygen
sensor SE4 in a predetermined period during the catalyst
degradation determining work. The degradation deter-
miner 15 determines whether the three-way catalyst 53
is degraded based on changes of oxygen concentrations
that are output from the upstream oxygen sensor SE3
and the downstream oxygen sensor SE4 during the cat-
alyst degradation determining work and acquired by the
running state acquirer 11.

[0062] Asinthe example described in Background Art,
a degradation state may be determined by calculation of
the ratio of an inversion frequency of output of the down-
stream oxygen sensor SE4 with respect to an inversion
frequency of output of the upstream oxygen sensor SE3
and use of the calculated ratio of inversion frequency. An
inversion frequency is the number of times an output volt-
age of each oxygen sensor (SE3, SE4) crosses a pre-
determined threshold value in a predetermined period of
time. Alternatively, a degradation state may be deter-
mined by calculation of the matching degree of two output
waveforms by comparison between an output waveform
of the upstream oxygen sensor SE3 and an output wave-
form of the downstream oxygen sensor SE4 and use of
the calculated matching degree. Further alternatively, a
degradation state may be determined by calculation of a
response delay period of time between the work of the
fuel injection device 61 and a change in oxygen concen-
tration of an exhaust gas and use of the calculated re-
sponse delay period of time.

[0063] The output controller 16 outputs an alarm in a
case where the degradation determiner 15 determines
that the three-way catalyst 53 is degraded and a case
where the problem determining device (not shown) de-
termines that there is a problem with accessories such
as various sensors. Specifically, the output controller 16
controls the alarm light AL of Fig. 1 such that the alarm
light AL lights up or blinks in one predetermined lumines-
cent color (red or the like), for example.
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[0064] Onthe other hand, the output controller 16 does
not output an alarm in a case where it is not determined
that the three-way catalyst 53 is degraded and a case
where the problem determining device (not shown) does
not determine that there is a problem with accessories
such as various sensors. Specifically, the output control-
ler 16 controls the alarm light AL of Fig. 1 such that the
alarm light AL lights up in another luminescent color (yel-
low, green or the like) or is turned off.

[0065] As described above, the alarm light AL outputs
acommon alarm in regard to a plurality of problem types.
Therefore, even though recognizing the output of a com-
mon alarm, the rider or an operator who maintains the
motorcycle 100 cannot identify what problem is present
with the motorcycle 100. As such, the ECU 10 according
to the present embodiment has a self-diagnosis function
(so-called on-board diagnosis) for specifying the type of
a problem with the motorcycle 100.

[0066] With this self-diagnosis function, a dedicated di-
agnosis tool is connected to a diagnosis port provided in
avehicle body when an alarm is output by the alarm light
AL, so that the type of a currently present problem is
specified. Further, the specified problem type is output
from the diagnosis tool. Thus, the rider or the operator
can identify the type of a currently present problem with
use of the dedicated diagnosis tool in a case where an
alarm is output from the alarm light AL.

[0067] Instead of the above-mentioned example of the
self-diagnosis function, the ECU 10 may have a function
for further presenting the problem type corresponding to
an output alarm (a problem confirming function) when an
alarm is output by the alarm light AL.

[0068] Forexample,inregard to a plurality of problems
types corresponding to alarms output by the alarm light
AL, luminescent colors and lighting patterns of the alarm
light AL may be defined respectively. In this case, in a
case where an instruction for executing the problem con-
firming function is provided, the output controller 16 caus-
es the alarm light AL to light up in a predetermined lumi-
nescent color and a predetermined lighting pattern in re-
gard to a problem type corresponding to an output alarm.
Thus, the rider or the operator can easily identify a prob-
lem type by viewing a luminescent state of the alarm light
AL.

[0069] Alternatively, when an instruction for executing
the problem confirming function is provided, the output
controller 16 may display a message such as an error
code indicating the problem type corresponding to an
output alarm in the display of the meter unit 4m. Thus,
the rider or the operator can easily identify a problem
type based on a message displayed in the display of the
meter unit 4m.

[0070] Therefore, the rider or the operator who main-
tains the motorcycle 100 can easily identify a degradation
state of the three-way catalyst 53 by using the problem
confirming function.

[0071] In the meter unit 4m according to the present
embodiment, another alarm light that lights up only in a
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case where it is determined that the three-way catalyst
53 is degraded may be provided in addition to the above-
mentioned alarm light AL. Alternatively, the above-men-
tioned alarm light AL may be driven in a specific lumines-
cent color and in a specific lighting pattern only in a case
where it is determined that the three-way catalyst 53 is
degraded. Further alternatively, in the display (crystal dis-
play) of the meter unit 4m, when an alarm is output by
the alarm light AL, a message indicating a problem type
corresponding to the output alarm may be displayed. In
these cases, even in a case where the ECU 10 does not
have the problem confirming function, the rider or the
operator can easily identify a degradation state of the
three-way catalyst 53.

[3] Catalyst Degradation Determining Process

[0072] Fig. 4 and Fig. 5 are flowcharts of a catalyst
degradation determining process according to one pre-
ferred embodiment. The catalyst degradation determin-
ing process is started when the CPU 10a of the ECU 10
executes the catalyst degradation determining program
in response to power-on of the motorcycle 100 or start-
up of the engine 5a.

[0073] When the catalyst degradation determining
process is started, the cruise control determiner 19 de-
termines whether the cruise control is being executed
(step S11). In a case where the cruise control is being
executed, the cruise control determiner 19 causes the
process to proceed to the step S22, described below. On
the other hand, in a case where the cruise control is not
being executed, the running state acquirer 11 acquires
a plurality of running states based on the output from
various sensors (SE1 to SE7) (step S12). The plurality
of acquired running states include a throttle opening, an
intake amount of the engine 5a, an oxygen concentration
of an exhaust gas that has yet been cleaned by the three-
way catalyst 53 and an oxygen concentration of an ex-
haust gas that has been cleaned by the three-way cata-
lyst 53. Further, the plurality of acquired running states
include an engine rotation speed, a traveling speed of
the motorcycle 100 and an accelerator opening.

[0074] Next, the state determiner 13 carries out the
allowable condition determination (step S13). Thatis, the
state determiner 13 determines whether the plurality of
running states acquired in the step S12 satisfy a plurality
of predetermined allowable conditions. This allowable
condition determination includes determination of wheth-
er the relationship between an acquired intake amount
of the engine 5a and an acquired engine rotation speed
is in an allowable region based on the intake amount-
engine rotation speed table of Fig. 4.

[0075] In a case where the plurality of running states
do not satisfy the plurality of allowable conditions, the
state determiner 13 causes the process to return to the
step S12. Thus, a plurality of running states are acquired
again. On the other hand, in a case where the plurality
of running states satisfy the plurality of allowable condi-
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tions, the cruise control determiner 19 determines wheth-
er an instruction for starting the cruise control has been
received from the cruise control ON switch SW1 (step
S14).

[0076] In the step S14, in a case where an instruction
for starting the cruise control has been received, the
cruise control determiner 19 causes the process to pro-
ceed to the step S21, described below. On the other
hand, in a case where an instruction for starting the cruise
control has not been received, the determination execu-
tor 14 starts the catalyst degradation determining work
(step S15).

[0077] Next, the cruise control determiner 19 deter-
mines again whether an instruction for starting the cruise
control has been received from the cruise control ON
switch SW1 (step S16). In a case where the cruise control
determiner 19 has not received a start instruction in the
step S16, the degradation determiner 15 determines
whether the three-way catalyst 53 is degraded based on
changes of oxygen concentrations output from the up-
stream oxygen sensor SE3 and the downstream oxygen
sensor SE4 (step S17). When determination completes,
the determination executor 14 stops the catalyst degra-
dation determining work (step S18).

[0078] Thereafter, the output controller 16 outputs a
result of determination in regard to a degradation state
of the three-way catalyst 53 by controlling the alarm light
AL of Fig. 1 (step S19) and causes the process to return
to the step S11.

[0079] In a case where the cruise control determiner
19 receives a start instruction in the above-mentioned
step S16, the determination executor 14 stops the cata-
lyst degradation determining work (step S20). Further,
the travel controller 12 starts execution of the cruise con-
trol (step S21). Thereafter, the cruise control determiner
19 determines whether an instruction for ending the
cruise control has been received (step S22).

[0080] Inthe step S22, in a case where the cruise con-
trol determiner 19 receives an end instruction, the travel
controller 12 ends execution of the cruise control (step
S23) and causes the process to return to the step S11.
On the other hand, in the step S22, in a case where the
cruise control determiner 19 has not received an instruc-
tion for ending the cruise control, the cruise control de-
terminer 19 causes the process to return to the step S11.
[0081] In the motorcycle 100 according to the present
embodiment, as the configuration for outputting a result
of determination in regard to a degradation state of the
three-way catalyst 53, a speech output device that out-
puts a result of determination in regard to a degradation
state by speech may be provided in addition to the alarm
light AL. In this case, the output controller 16 may gen-
erate an alarm sound for presenting degradation of the
three-way catalyst 53 by controlling the speech output
device in a case where it is determined that the three-
way catalyst 53 is degraded.

[0082] Further, in the above-mentioned catalyst deg-
radation determining process, the step S11 may be ex-
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ecuted after the step S12 and before the step S13, or
may be executed after the steps S12 and S13.

[4] Effects of Embodiments

[0083] (1)Generally, a power-to-weightratio of a strad-
dled vehicle such as a motorcycle is smaller than a pow-
er-to-weight ratio of an automobile (Automobile Car).
Thus, inregard to a straddled vehicle, a change in torque
generated in an engine is more likely to influence work
of the vehicle as compared to an automobile. Therefore,
in a straddled vehicle, a traveling speed changes subtly
in response to a change of an air-fuel ratio during the
above-mentioned catalyst degradation determining
work, for example.

[0084] During traveling of a straddled vehicle in which
the cruise control has been executed, an opening of a
throttle valve is adjusted such that a traveling speed is
constant and a predetermined speed. However, in a case
where the catalyst degradation determining work is ex-
ecuted during execution of the cruise control, it is difficult
to cancel a change of a traveling speed in accordance
with a change of an air-fuel ratio by adjustment of an
opening of the throttle valve. The reasons for this include
that it is difficult to synchronize the control period of the
cruise control with the control period of the catalyst deg-
radation determining work, and that a response delay is
generated from the time when an opening of the throttle
valve is adjusted until a traveling speed changes. Thus,
when the catalyst degradation determining work is exe-
cuted during execution of the cruise control, the rider is
highly likely to feel uncomfortable with respect to the work
of the straddled vehicle.

[0085] In contrast, in the motorcycle 100 according to
the present embodiment, in a case where the cruise con-
trol is being executed, the catalyst degradation determin-
ing work is not executed. Thus, with the cruise control
executed, a torque of the engine 5a does not change
because of the control of an air-fuel mixture supplied to
the engine 5a. As aresult, riding comfortin the motorcycle
100 is prevented from being degraded when the cruise
control is being executed.

[0086] (2) The cruise control determiner 19 determines
whether the cruise control is being executed not based
on a change of an oxygen concentration of an exhaust
gas but based on whether an instruction for starting the
cruise control has been received and whether an instruc-
tion for ending the cruise control has been received.
Thus, the catalyst degradation determining work is reli-
ably prevented from being executed when the cruise con-
trol is being executed.

[5] Other Embodiments
[0087]

(1) The throttle actuator 63 is controlled such that a
traveling speed is kept at the traveling speed at the
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time of acquisition of an instruction for starting the
cruise control during execution of the cruise control.
Alternatively, a traveling speed to be kept during ex-
ecution the cruise control may be defined based on
a traveling speed input by a rider’s operation of an
input device (not shown), for example.

(2) The cruise control ends when an end instruction
is provided by an operation of the cruise control OFF
switch SW2 during execution of the cruise control in
the above-mentioned embodiment.

Alternatively, the cruise control may end by not only
an end instruction provided by an operation of the
cruise control OFF switch SW2 but also satisfaction
of a predetermined condition for ending the cruise
control. A condition for ending the cruise control may
be a brake operation performed by the rider after
execution of the cruise control is started or an elapse
of a predetermined period of time after execution of
the cruise control is started, for example.

(3) A plurality of allowable conditions for allowing ex-
ecution of the catalyst degradation determining work
is defined in regard to a plurality of running states in
the motorcycle 100 according to the above-men-
tioned embodiment. Alternatively, in the above-men-
tioned motorcycle 100, only one allowable condition
may be defined, or an allowable condition does not
have to be defined. In the motorcycle 100 for which
an allowable condition is not defined, the catalyst
degradation determining work is executed regard-
less of a plurality of running states when the cruise
control is not being executed.

(4) The cruise control is the control for keeping a
traveling speed constant during traveling of a vehicle
in the above-mentioned embodiment. Alternatively,
the cruise control may include the control for keeping
a certain distance from a leading vehicle in a case
where the leading vehicle is present in a predeter-
mined range forward of the traveling motorcycle 100
in addition to the control for keeping a traveling speed
of the motorcycle 100 constant.

(5) The running state acquirer 11 according to the
above-mentioned embodiment acquires a plurality
of running states by receiving the output from various
sensors (SE1 to SE7). Alternatively, the running
state acquirer 11 may acquire one or a plurality of
information pieces input by a rider’s operation of an
input device or the like, for example, as one or a
plurality of running information pieces instead of out-
put signals from various sensors (SE1 to SE7).

(6) The three-way catalyst 53 is used as the config-
uration for cleaning an exhaust gas in the above-
mentioned embodiment. Alternatively, the three-way
catalyst 53 may be replaced with an oxidation cata-
lyst or a reduction catalyst, for example.

(7) The above-mentioned embodiment is an exam-
ple in which the present teaching is applied to a mo-
torcycle. Alternatively, the present teaching may be
applied to another straddled vehicle such as a four-
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wheeled automobile, a motor tricycle or an ATV (All
Terrain Vehicle).

[6] Correspondences between Constituent Elements in
Claims and Parts in Preferred Embodiments

[0088] In the following paragraphs, non-limiting exam-
ples of correspondences between various elements re-
cited in the claims below and those described above with
respect to various preferred embodiments of the present
disclosure are explained. In the above-mentioned em-
bodiment, the cruise control determiner 19 of the ECU
10 is an example of a determiner, the state determiner
13 and the determination executor 14 of the ECU 10 are
examples of an execution controller, and the configura-
tion including the cruise control switch unit 4s and the
ECU 10 is an example of a catalyst degradation deter-
mining device.

[0089] Further, the engine 5a is an example of an en-
gine, the intake pipe 60, the fuel injection device 61, the
throttle valve 62 and the throttle actuator 63 are examples
of an air-fuel mixture supplier, the three-way catalyst 53
is an example of a catalyst, and the travel controller 12
is an example of a cruise control executor.

Claims

1. A catalyst degradation determining device for a
straddled vehicle that is used in a straddled vehicle
that has a catalyst (53) configured to clean an ex-
haust gas from an engine (5a) and is configured to
be capable of executing cruise control for keeping a
traveling speed constant by control of a throttle valve
(62), comprising:

a determiner (19) configured to determine
whether the cruise control is being executed;
and

an execution controller (13, 14) that is config-
ured to execute determining work for determin-
ing a degradation state of the catalyst (53) while
controlling an air-fuel mixture supplied to the en-
gine (5a) in a case where itis determined by the
determiner (19) that the cruise control is not be-
ing executed and one or a plurality of running
states of the straddled vehicle satisfy one or a
plurality of predetermined allowable conditions,
and to execute the determining work in a case
where it is determined by the determiner (19)
that the cruise control is being executed.

2. The catalyst degradation determining device for a
straddled vehicle, according to claim 1, wherein the
determiner (19) is configured to determine that exe-
cution of the cruise control has started based on an
instruction for executing the cruise control, and con-
figured to determine that execution of the cruise con-
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10

trol has ended based on an instruction for ending the
cruise control.

3. A straddled vehicle comprising:

an engine (5a);

an air-fuel mixture supplier (60, 61, 62, 63) con-
figured to supply an air-fuel mixture to the engine
(5a);

a catalyst (53) configured to clean an exhaust
gas from the engine (5a);

a cruise control executor (12) configured to ex-
ecute cruise control for keeping a traveling
speed constant during traveling of the vehicle
by controlling the air-fuel mixture supplier (60,
61, 62, 63); and

a catalyst degradation determining device ac-
cording to claim 1 or 2.

4. A catalyst degradation determining method for a
straddled vehicle that is used in a straddled vehicle
that has a catalyst (53) for cleaning an exhaust gas
from an engine (5a) and is configured to be capable
of executing cruise control for keeping a traveling
speed constant by control of a throttle valve (62), the
method comprising:

determining whether the cruise control is being
executed; and

executing determining work for determining a
degradation state of the catalyst (53) while con-
trolling an air-fuel mixture supplied to the engine
(5a) in a case where it is determined that the
cruise control is not being executed and one or
a plurality of running states of the straddled ve-
hicle satisfy one or a plurality of predetermined
allowable conditions, and executing the deter-
mining work in a case where it is determined that
the cruise control is being executed.

5. The catalyst degradation determining method for a
straddled vehicle, according to claim 4, further com-
prising:
determining that execution of the cruise control has
started based on an instruction for executing the
cruise control, and determining that execution of the
cruise control has ended based on an instruction for
ending the cruise control.
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